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Public and private forest managers, renewable energy advocates, and community leaders across the United States are increasingly in-
terested in woody biomass for its potential to increase 
energy independence, mitigate climate change, off-
set the costs of hazardous fuels and forest restoration 
projects, and create opportunities for community-
economic development.1 Woody biomass derived 
from logging, fuels treatments, and forest products 
manufacturing can be utilized for heat and electri-
cal energy as well as value-added wood products 
(see Table 1, below), although much of the current 
policy discussion in the United States around bio-
mass has focused on using minimal value biomass 
for energy purposes.2
Despite significant efforts to increase biomass utili-
zation, development has been slow in many places. 
Areas with considerable federal land ownership, in 
particular, have found it difficult to create new uti-
lization opportunities. In addition to the economic 
challenges facing biomass utilization, USDA Forest 
Service managers and staff members have to negoti-
ate challenges related to public engagement and the 
planning processes fundamental to national forest 
management.3 Although improving national forest 
management and ensuring that local communities 
benefit from their neighboring national forests are 
important public policy goals,4 these goals also in-
crease the complexity of biomass utilization efforts 
that would rely on federal lands for materials.
In a 2012 Journal of Forestry article5, we report the 
results of a study that sought to understand the 
trends in, barriers to, and strategies for develop-
ing woody biomass utilization on and around the 
National Forest System by asking the following re-
search questions:
1. How do trends in national forest biomass remov-
al and local utilization vary across the United 
States?
2. What specific barriers have national forest man-
agers and staff found most challenging? 
3. What specific strategies have national forest 
managers and staff considered most important 
to overcome these barriers? 
Table 1 Biomass utilization categories
Amount of added value Examples
High value products Saw logs, veneer logs, house logs, etc.
Low value products Paper pulp and chips for oriented strand board, other composite wood products
Value-added products Posts and poles, tree stakes, trellises, rustic furniture, spindles, landscaping
  products, animal bedding, engineered wood products, wood pellets, etc.
Minimal value products Hog fuel chips and residues for electricity, heat, cogeneration, or liquid fuels
Adapted from USDA Forest Service 2007 (see endnote 2, page 7).
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We sought to answer these questions by conducting 
a web-based survey of 339 Forest Service district 
rangers and technical staff from across the coun-
try. Many results of the survey are discussed in 
summary form in the journal article. The purpose 
of this working paper is to provide supplemental 
material that could not be reported in the journal 
article due to space limitation. In particular, we fo-
cus on reporting regional differences (see Figure 1, 
below) in the specific barriers to biomass utilization 
and the specific strategies for overcoming those bar-
riers (in the journal article we used factor analysis 
to cluster similar type of barriers and strategies). 
Although here we report differences between re-
sponses from district rangers and technical staff 
members for interested readers (see Tables 2–4, pages 
9–13), similar to the journal article, we focus the 
results and discussion on regional differences be-
tween respondents. The data collection methods are 
described in detail in our Journal of Forestry article.
Pacific 
Northwest 
(R6)
62% (52/84)
Figure 1 U.S. Forest Service administrative regions and regional response to the 
online questionnaire
Pacific 
Southwest 
(R5)
50% (37/74)
Northern (R1)
59% (44/75)
Rocky Mountain (R2)
75% (44/59)
Eastern (R9)
56% (35/62)
Southern (R8)
54% (45/83)
Southwestern (R3)
50% (31/62)
Intermountain (R4)
50% (31/62)
Alaska (R10)
64% (9/14)
Parenthetical notations indicate Forest Service region numbers.
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Results
Trends in national forest biomass removal 
and local utilization
About a quarter of all respondents reported that 
they were unsure what general proportion of bio-
mass utilized locally came from federally managed 
lands. Of the remaining respondents (n=241), more 
than half (56 percent) reported that less than a quar-
ter of the biomass utilized locally came from fed-
eral lands, and only 20 percent reported that more 
than three-quarters of the biomass utilized locally 
originated on federal lands. More than 90 percent 
of respondents in the Southern and Eastern regions 
reported that less than a quarter of the biomass 
harvested for utilization in their area came from 
federal lands. In contrast, between one-third and 
two-thirds of respondents from the interior west 
and Alaska reported that more than half of biomass 
harvested for utilization came from federal lands.
National forest managers and staff members report-
ed different trends in biomass utilization in their 
area for different types of materials (see Table 2, 
pages 10–11). Most participants in most regions 
reported no recent changes in the utilization of 
high-value materials, such as saw logs; although 
nationally, in seven of nine regions, more respon-
dents reported a decreasing trend in high-value 
material utilization than reported an increasing 
trend. Only in the Southern and Eastern regions 
did more respondents report that high-value mate-
rial utilization was increasing than reported it was 
decreasing. Nationally, the majority of respondents 
also reported that production of low-value (e.g., pa-
per pulp and chips for composites) and value-added 
(e.g., posts and poles) materials was not changing; 
although, nearly twice as many respondents re-
ported an increasing trend in value-added produc-
tion as reported a decline. Respondents from the 
Northern region reported a decline in utilization 
of low-value materials, while respondents from the 
Pacific Northwest, Southern, and Eastern regions 
reported an increase in utilization of low value ma-
terials. Only in Alaska did more respondents report 
a decline in value-added production than reported 
an increase. Although nationally the plurality of 
respondents reported that the utilization of mini-
mal-value materials like residues for electrical and 
thermal energy production was not changing, near-
ly as many reported an increase in utilization of 
these materials. The majority of respondents from 
the Pacific Coast states and the Southern and East-
ern regions reported an increase in utilization of 
minimal-value materials, while respondents from 
interior Western regions reported no changes. Re-
spondents from Alaska tended to report a decline 
in the utilization of minimal-value materials. The 
majority of technical staff reported an increasing 
trend, while the majority of district rangers report-
ed no changes in the utilization of minimal-value 
material.
Finally, we asked respondents to report on the trend 
in removal of biomass from their national forest or 
ranger district for any purpose. Nationally, half of 
respondents reported removal of biomass from their 
forest or district was increasing, and only in two 
regions (Rocky Mountain and Intermountain) did 
respondents tend not to report an increasing trend 
in removal. Overall, relatively few respondents re-
ported a decline in biomass removal from their na-
tional forest or ranger district, except in the Alaska 
and the Northern regions where nearly a third of 
respondents reported a decline. Roughly even num-
bers of district rangers reported an increase as re-
ported no recent change in biomass removal from 
their ranger districts (more than 90 percent total). 
In contrast, more than twice as many technical staff 
members reported an increase in biomass removal 
from their forest than reported no change, and only 
15 percent reported a decline.
Barriers to fostering biomass utilization 
Respondents from across the nation rated the high 
cost of transportation, the low market value, lack 
of local markets, low financial returns, high cost of 
harvesting, and lack of existing utilization capac-
ity for biomass as the largest barriers to fostering 
biomass utilization (see Table 3, page 11). Nation-
ally, these six economic and market barriers were 
rated on average either as ‘somewhat’ or a ‘major’ 
barrier to fostering biomass utilization. With few 
exceptions, these six barriers were also among the 
largest barriers reported for each region. Only in 
the Eastern region was the lack of existing biomass 
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utilization capacity rated significantly less than 
somewhat a barrier to fostering biomass utilization. 
The decline in Forest Service budgets in the Pacific 
Northwest region and the lack of an existing wood 
products industry in the Intermountain West region 
were also rated significantly higher than somewhat 
a barrier to fostering biomass utilization.
Respondents also identified a number of barriers 
that on average were not seen as hampering efforts 
to foster biomass utilization. Nationally, issues that 
on average were rated less than a minor barrier to 
fostering biomass utilization were the nonmarket 
social items: the lack of a trained workforce for bio-
mass removal, the need to acquire adequate public 
input, the need to cross private lands to access bio-
mass on federal lands, the perception that biomass 
projects will not benefit local communities or create 
local jobs, concerns about traffic and noise, compe-
tition for labor, and occupational hazards. Region-
ally, however, there was more variation in issues 
that were not relevant. For example, disagreement 
about the need to remove hazardous fuels was not 
an issue that respondents from the Rocky Mountain 
and Southwestern regions considered even a minor 
barrier, while respondents from all other regions 
indicated that it was at least a minor barrier. Simi-
larly, disagreement about the need for forest health 
treatments in the Rocky Mountain region and lack 
of trust in forest service managers in the Rocky 
Mountain, Southern, or Eastern regions were not 
identified as barriers to fostering biomass utiliza-
tion. The lack of transportation infrastructure and 
lack of maintenance of Forest Service roads were 
also not perceived as barriers to fostering biomass 
utilization in the Southern and Eastern regions. 
Only in Alaska was air quality not reported as a 
concern.
Strategies for promoting local 
biomass utilization 
The most highly rated strategies for promoting lo-
cal biomass utilization were those that minimized 
the economic challenges in biomass utilization 
(see Table 4, pages 12–13). Nationally, respondents 
rated tax incentives for facility development, har-
vesting, and transporting biomass and cost share 
and grant programs for facility development and 
equipment purchases as the most important strate-
gies. Regionally, other nonfinancial strategies were 
 Woody biomass utilization trends, barriers, and strategies: A survey of USDA Forest Service managers      5
also very important, including developing facilities 
that source from multiple suppliers in the Northern 
and Pacific Northwestern regions, using hazardous 
fuels and forest health funding in the Southwest-
ern and Pacific Southwestern regions, and under-
taking large-scale National Environmental Policy 
Act analyses in the Southwestern region. In the 
Alaska region, several other strategies were rated 
more highly than the tax incentive strategies, these 
included: public-private partnerships for facility 
development and a focus on small-scale facilities, 
partnerships that help to promote local capacity 
and ensure an adequate supply, government bonds 
and loans, and long-term stewardship contracts and 
agreements. In addition to tax incentives and cost-
share programs, technical staff members were more 
likely than district rangers to report that developing 
facilities that source biomass from multiple sup-
pliers and using hazardous fuels and forest health 
funding were highly important strategies to pro-
moting biomass utilization efforts locally.
Relatively few strategies were rated lower than 
“somewhat important.” The most common of these 
was developing agreements with private landown-
ers for access to public land. Regionally, other low-
importance strategies included sourcing biomass 
from mill residues in the Southwestern region, 
and developing projects that restore threatened 
and endangered species habitat in the Alaska re-
gion. Respondents from the Eastern region also 
rated as relatively unimportant a number of other 
strategies including improving forest road condi-
tions, developing memorandums of understanding 
to secure federal biomass, procuring biomass from 
other sources like urban wood waste, and hiring 
Forest Service staff members to focus on biomass 
removal projects.
Discussion
Although Forest Service managers across the coun-
try generally reported increasing removal from 
national forest lands, trends for biomass utiliza-
tion were highly variable, with increases mostly 
reported for the Pacific Coast, the Southeast, and 
the Northeast, where utilization capacity remains 
or has grown, while decreases were reported for 
much of the Interior West and Alaska, where utili-
zation capacity remains limited or has disappeared. 
These distinctions highlight the importance of ex-
isting industry for promoting biomass removal and 
utilization6 and the lack of sufficient markets and 
infrastructure to deal with pressing forest health 
and fuels reduction in the Interior West.7 The gen-
eral pattern of an increasing national trend toward 
utilization of minimal-value products mirrors the 
recent growth in renewable energy markets, such 
as biomass, that may assist the public investments 
needed for fuel reduction and forest health restora-
tion across much of the country. We find the report-
ed decline in utilization of minimal-value products 
in the Interior West of concern in the context of 
increasing fire risk in much of the western U.S.8 
National forest staff members believe that economic 
challenges and lack of market development are the 
greatest barriers to promoting biomass utilization, 
although possibly slightly less challenging in re-
gions with existing wood products industry and 
market infrastructure. Our results provide evi-
dence that Forest Service staff members see high 
transportation costs, low-market value, and lack of 
existing industry as the most important challenges 
to promoting biomass utilization.9 The results also 
indicate that Forest Service managers and staff 
members consider social factors as minimal bar-
riers to biomass utilization when compared with 
the more technical, economic, and market barriers. 
Nonetheless, social barriers related to public partic-
ipation, public perception, and not-in-my-backyard 
(NIMBY) attitudes are consistent in case-specific 
literature about biomass development.10 Although 
specific social issues may not individually rise to 
the level of the economic and market barriers, con-
cerns about pollution, nuisances, and forest man-
agement together can jointly result in delays or 
shifts in support for utilization projects. Research 
has suggested that NIMBY challenges can raise de-
velopment costs for new facilities by as much as 30 
percent.11
The high relative importance rating of a broad array 
of strategies to promote the utilization of biomass 
suggests that forest managers and staff members 
are working on multiple fronts to increase biomass 
removal and utilization. Policy incentives and in-
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frastructure development were most important, re-
inforcing the importance of the “business” of bio-
mass removal and utilization and concurring with 
previous research that has identified the importance 
of government assistance for developing biomass 
utilization capacity.12 Although many of the social 
issues were not rated as significant barriers, many of 
the strategies related to building partnerships and 
agreement among stakeholders were rated as impor-
tant strategies. Partnerships and agreement-building 
also reflect the historic importance of public engage-
ment processes within the Forest Service and efforts 
to move beyond conflict over forest management.13 
In the Southwest, the importance of existing fund-
ing mechanisms and conducting large-scale res-
toration planning on public lands reflects well-
publicized experiences with community wildfire 
protection planning and long-term stewardship 
planning in the Arizona White Mountains.14 The 
predominance of public land in the Intermountain 
and Southwest regions may also help to explain 
why diversification of supply is less important in 
those regions. The wide diversity of highly impor-
tant strategies focused on partnerships, small-scale 
facilities, and stewardship in Alaska potentially re-
flects current collaborative planning efforts in that 
region. Also notable for nonsignificance is the lack 
of highly important strategies in the Intermountain 
West and the Southeast. Respondents in these re-
gions rated all strategies with relatively low impor-
tance, possibly reflecting the relatively low use of 
materials from federal lands for biomass utilization 
in the Southeast and the historic and existing lack 
of forest industry in the Intermountain West.
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Conclusion
In this working paper, we add to the material pre-
sented in our Journal of Forestry article by provid-
ing more detailed information about trends in bio-
mass utilization across the country and the wide 
range of barriers and strategies important for foster-
ing biomass utilization in and around the National 
Forest System. Although economic and market 
barriers were clearly in the forefront of most na-
tional forest manager and technical staff member 
evaluations, most respondents rated most strategies 
highly, suggesting their need to pursue a broad vari-
ety of opportunities to make new utilization efforts 
successful. Study participants also clearly pointed 
to the value of partnerships and forest management 
and contracting mechanisms as important tools to 
address local challenges to biomass utilization.
We found that the trends, barriers, and strategies 
varied considerably from region to region. This re-
gional variation reflects considerable differences 
in forest products and energy sectors, land tenure, 
culture, and social concerns and support for vari-
ous land management practices and biomass uses. 
The importance of these regional differences in 
both barriers and solutions suggests that policies 
oriented towards fostering biomass will need to 
be reflective of or adaptable to local and regional 
circumstances. Although there are many reasons 
to pursue woody biomass utilization opportuni-
ties, it is likely that federal and state energy policy 
will be a leading factor in the size of the market for 
woody biomass materials,15 especially in areas with 
limited existing markets and industry for utiliza-
tion. Ensuring that energy policy allows for local 
variation in feedstock and provides stakeholders 
with the appropriate tools to make decisions that 
address forest health needs, community concerns, 
and economic constraints will be important.
Responses to our survey reflect the need for bio-
mass utilization policy to have a broader focus than 
just energy policy. Fostering appropriate utilization 
of biomass from the National Forest System will 
require a basket of strategies rather than a single 
approach both to meet the diverse challenges and 
the diverse needs across the country. Continuing 
this line of inquiry with other stakeholders includ-
ing biomass and forest products industry represen-
tatives, environmentalists, and local community 
leaders would produce a more holistic understand-
ing of the issues associated with biomass in the 
context of the National Forest System.
8      Woody biomass utilization trends, barriers, and strategies: A survey of USDA Forest Service managers
Endnotes
1 Aguilar, F., and H. E. Garrett. 2009. Perspectives of woody bio-
mass for energy: Survey of state foresters, state energy biomass 
contacts, and National Council of Forestry Association execu-
tives. Journal of Forestry 107(6): 297–306.
 Becker, D.R., and J. Viers. 2007. Matching the utilization of forest 
fuel reduction by-product to community development opportu-
nities. P. 157–170 in People, Fire, and Forests, Daniels, T., M. 
Caroll, C. Moseley, and C. Reich (eds.). Oregon State University 
Press, Corvallis, Oregon.
 Haynes, R.W. 2002. Forest management in the twenty-first cen-
tury: Changing numbers, changing context. Journal of Forestry 
100(2): 38–43.
 Neary, D. G., and E. J. Zieroth. 2007. Forest bioenergy system to 
reduce the hazard of wildfires: White Mountains, Arizona. Bio-
mass and Bioenergy 31: 638–645.
 Perlack, R. D., L. L. Wright, A. F. Turhollow, R. L. Graham, B. J. 
Stokes, D. C. Erbach. 2005. Biomass as feedstock for a bio-
energy and bioproducts industry: The technical feasibility of a 
billion-ton annual supply. Oak Ridge National Laboratory: Oak 
Ridge, Tenessee. Accessed February 9, 2012, online: http://
feedstockreview.ornl.gov/pdf/billion_ton_vision.pdf.
2 Aguilar and Garrett 2009, and:
 Levan, S.L., and J. Livingston. 2001. Exploring the uses for small-
diameter trees. Journal of Forest Products 51: 10–21. 
 U.S. Department of Agriculture Forest Service. 2007. Woody 
Biomass Utilization Desk Guide. National Technology and De-
velopment Program. Washington, D.C.
3 Becker, D. R., D. Abbas, K. E. Halvorsen, P. J. Jakes, S. M. McCaf-
frey, and C. Moseley. 2009a. Conventional wisdoms of biomass 
utilization. Eugene, Oregon: University of Oregon: 56. 
4 Moseley, C. 2002. A survey of innovative contracting mecha-
nisms for quality jobs and ecosystem management. USDA Forest 
Service General Technical Report PNW-GTR-552: 36.
5 Sundstrom, S., M. Nielsen-Pincus, C. Moseley, and S. McCaffrey. 
2012. Woody biomass utilization trends, barriers, and strategies: 
Perspectives of U.S. Forest Service managers. Journal of For-
estry 110(1): 16–24.
6 Becker et al. 2009a.
7 Haynes 2002.
8 Gude, P., R. Rasker, and Jeff van den Noort. 2008. Potential 
for future development on fire-prone lands. Journal of Forestry 
106(4): 196–205.
 Westerling, A. L., H. G. Hidalgo, D. R. Cayan, and T. W. Swetnam. 
2006. Warming and earlier spring increase western U.S. forest 
wildfire activity. Science 313: 940–94.
9 Becker et al. 2009a, Aguilar and Garrett 2009. 
10 Becker et al. 2009a, and:
 Nielsen-Pincus, M. and C. Moseley. 2009. Social issues of woody 
biomass utilization: A review of the literature. Ecosystem Work-
force Program Working Paper 20. University of Oregon, Eugene, 
Oregon: 15.
11 Rakos, C. 2003. Key factors for the successful market devel-
opment of bioenergy: experiences from Austria. P. 307–314 in 
Biomass and Agriculture: Sustainability, Markets, and Policies, 
Parris, K., Poincet, T., (eds.). Vienna, Austria: Organisation for 
Economic Cooperation and Development.
12 Aguilar and Garrett 2009, and:
 Becker, D. R., M. Nechodom, A. Barnett, T. Mason, E. Lowell, 
J. Shelly, and D. Graham. 2009b. Assessing the role of federal 
community assistance programs to develop biomass utilization 
capacity in the western United States. Forest Policy and Econom-
ics 11: 141–148.
13 Cromley, C. M. 2005. Community-based forestry goes to Wash-
ington. P. 221–267 in Adaptive governance: Integrating science, 
policy, and decision making, R. D. Brunner, T. A. Steelman, L. 
Coe-Juell, C. M. Cromley, C. M. Edwards, and D.W . Tucker, 
(eds.). Columbia University Press, New York, New York. 
14 Fleeger, W. E. 2008. Collaborating for success: Community 
wildfire protection and planning in the Arizona White Mountains. 
Journal of Forestry 106(2): 78–82
 Hjerpe, E., J. Abrams, and D. R. Becker. 2009. Socioeconomic 
barriers and the role of biomass utilization in southwestern pon-
derosa pine restoration. Ecological Restoration 27(2): 169–177.
15 Aguilar and Garrett 2009.
 Woody biomass utilization trends, barriers, and strategies: A survey of USDA Forest Service managers      9
Appendix
Table 2 Trends in woody biomass utilization: district ranger (DR) and technical staff (TS) 
average ratings by region
      Local trend in
      biomass
  
  
  
 
High value 
materials 
 
Low value 
materials 
 
Value-added 
products 
 
Minimal value 
materials 
removal from
respondents’
national forest
Nation (all respondents)     
 Increasing 19 25 29 39 50
 Not changing 54 54 57 45 39
 Decreasing 28 21 14 16 11
Northern (R1)     
 Increasing 20 15 22 23 44
 Not changing 51 32 61 38 26
 Decreasing 29 54 17 38 30
Rocky Mountain (R2)     
 Increasing 17 8 37 30 40
 Not changing 48 84 51 57 50
 Decreasing 36 8 12 14 10
Southwestern (R3)     
 Increasing 11 0 37 27 62
 Not changing 70 88 44 65 24
 Decreasing 19 12 19 8 14
Intermountain (R4)     
 Increasing 14 0 25 13 31
 Not changing 47 74 61 68 61
 Decreasing 39 26 14 19 8
Pacific Southwest (R5)     
 Increasing 12 29 30 55 53
 Not changing 62 55 60 33 39
 Decreasing 26 16 10 12 8
Pacific Northwest (R6)     
 Increasing 16 45 24 55 64
 Not changing 55 41 63 33 32
 Decreasing 29 14 13 12 4
Local trends in biomass utilization
Table 2 continues on next page
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      Local trend in
      biomass
      removal from
  High value Low value Value-added Minimal value respondents’
  materials materials products materials national forest
Southern (R8)     
 Increasing 36 45 33 46 54
 Not changing 50 36 52 43 44
 Decreasing 14 19 15 11 2
Eastern (R9)     
 Increasing 29 48 31 60 58
 Not changing 61 42 62 37 39
 Decreasing 11 9 7 3 3
Alaska (R10)     
 Increasing 0 0 22 22 44
 Not changing 33 56 44 33 22
 Decreasing 67 44 33 44 33
District rangers     
 Increasing 20 21 27 28 45
 Not changing 53 56 57 53 47
 Decreasing 27 23 16 18 8
Technical staff     
 Increasing 18 33 32 53 58
 Not changing 55 49 57 33 27
 Decreasing 27 18 11 14 15
Bold indicates the greatest percent of respondents for that category. Percentages may not add to 100 due to rounding.
Local trends in biomass utilization
Table 2, continued
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Table 3 Barriers to woody biomass utilization: district ranger (DR) and technical staff (TS) 
average ratings by region*
Barriers US N RM SW IM PS PNW S E AK DR TS
1. High cost of transporting biomass 3.61 3.70 3.49 3.69 3.67 3.83 3.65 3.45 3.47 3.67 3.52 3.74
2. Low market value of biomass 3.47 3.77 3.24 3.50 3.56 3.45 3.51 3.29 3.50 3.25 3.43 3.54
3. Lack of local markets for biomass products 3.36 3.60 3.56 3.42 3.58 3.42 3.02 3.26 3.06 3.67 3.43 3.21
4. Low financial returns to investors 3.32 3.46 3.09 3.38 3.68 3.45 3.30 3.16 3.08 3.38 3.28 3.39
5. High cost of harvesting biomass 3.19 3.15 3.20 3.36 3.20 3.31 3.24 3.10 2.97 3.44 3.10 3.35
6. Lack of existing biomass utilization capacity 3.13 3.38 3.38 3.36 3.38 3.17 2.76 2.95 2.60 3.63 3.18 3.02
7. Declining Forest Service budgets 2.91 2.83 2.58 2.96 3.08 3.26 3.26 2.65 2.79 2.22 2.86 2.98
8. Declining Forest Service staffing levels 2.91 2.93 2.59 2.93 3.19 3.00 3.19 2.72 2.79 2.22 2.86 2.94
9. Lack of a guaranteed supply from federal lands 2.90 2.90 2.34 2.85 3.07 3.20 3.16 2.98 2.52 3.22 2.83 2.99
10. Low energy prices 2.60 2.60 2.15 2.39 2.53 3.11 3.14 2.39 2.48 1.63 2.50 2.76
11. Lack of existing wood products industry 2.54 2.23 3.22 3.26 3.30 2.88 1.92 2.02 1.72 3.44 2.72 2.22
12. Lack of existing transportation infrastructure 2.24 1.95 2.38 2.72 2.73 2.47 2.02 2.00 1.58 3.33 2.22 2.24
13. Lack of Forest Service staff expertise in managing 
      biomass projects
2.45 2.37 2.23 2.70 2.68 2.51 2.37 2.63 2.12 2.56 2.55 2.24
14. Lack of agreement about harvesting biomass on 
      public lands
2.24 2.48 1.97 1.89 2.40 2.17 2.48 2.03 2.25 2.33 2.18 2.31
15. Public perception that industry needs will drive 
      forest management
2.24 2.46 1.94 2.19 2.14 2.53 2.42 2.11 1.90 2.38 2.16 2.32
16. Disagreement about forest health treatments 2.23 2.71 1.70 2.07 2.42 2.65 2.40 1.98 1.93 1.88 2.19 2.23
17. Negative perceptions about the impacts of removal 
      to the landscape
2.16 2.32 1.83 1.96 2.00 2.20 2.38 2.07 2.38 2.44 2.18 2.12
18. Lack of maintenance of Forest Service roads 2.16 2.13 2.10 2.67 1.97 2.40 2.42 1.76 1.82 2.44 2.13 2.18
19. Lack of trust in biomass facility developers 2.10 2.33 1.82 2.00 1.97 1.97 2.26 2.24 2.04 2.63 2.02 2.24
20. Lack of continuity of agency staff members 2.09 1.98 1.79 2.26 2.19 2.15 2.17 2.17 1.97 2.22 1.98 2.23
21. Lack of a trained workforce for biomass utilization 2.04 1.82 1.86 2.48 2.77 2.07 1.53 2.10 1.90 2.89 2.09 1.94
22. Proposed location of utilization facilities 2.03 1.94 1.88 2.04 2.00 2.48 1.93 2.12 2.00 1.75 1.94 2.14
23. Air quality concerns 2.02 2.08 1.90 1.86 1.85 2.39 2.12 2.00 2.03 1.44 1.96 2.08
24. Lack of stewardship contracts and agreements 2.02 1.88 2.20 2.00 1.95 2.23 1.90 2.02 1.81 2.78 2.10 1.87
25. Water quality concerns 2.01 2.15 1.76 1.96 2.03 2.24 1.94 1.98 2.03 2.11 2.01 2.01
26. Lack of trust in forest service managers 2.01 2.22 1.79 1.89 2.06 2.03 2.33 1.69 1.74 2.78 1.92 2.14
27. Disagreement about the need to remove 
      hazardous fuels
1.96 2.39 1.58 1.68 2.14 2.19 2.00 1.80 1.87 1.50 1.94 1.93
28. Competition with existing markets 1.91 1.65 1.71 2.15 2.03 1.77 1.95 2.18 1.97 1.67 1.91 1.93
29. Lack of a trained workforce for biomass removal 1.82 1.56 1.58 2.34 2.50 1.88 1.38 1.97 1.60 2.22 1.86 1.74
30. The need to acquire adequate public input 1.72 1.85 1.46 1.55 1.88 1.61 1.84 1.79 1.68 1.75 1.67 1.77
31. Need to cross private lands to access biomass 
      on federal lands
1.66 1.83 1.92 1.72 1.62 1.53 1.34 1.65 1.82 1.33 1.71 1.55
32. Projects not perceived to benefit local communities 1.61 1.56 1.49 1.57 1.74 1.48 1.58 1.89 1.53 1.63 1.62 1.59
33. Lack of local job creation 1.59 1.62 1.39 1.82 1.78 1.47 1.52 1.71 1.52 1.56 1.61 1.54
34. Traffic concerns 1.57 1.53 1.83 1.59 1.33 1.82 1.49 1.41 1.61 1.22 1.52 1.64
35. Noise concerns 1.52 1.51 1.71 1.59 1.32 1.76 1.45 1.48 1.48 1.11 1.47 1.60
36. Competition for labor 1.34 1.14 1.50 1.46 1.39 1.34 1.24 1.29 1.52 1.11 1.34 1.35
37. Occupational hazards 1.27 1.08 1.30 1.57 1.24 1.38 1.17 1.37 1.14 1.22 1.28 1.25
Bold numbers indicate mean values statistically greater than 3.0 (somewhat of a barrier) and less than 2.0 (a minor barrier) at the alpha = 0.10 significance level 
(one-side t-test).
* Responses range from not a barrier (1) to major barrier (4); regions are coded: US = United States (sample size ranges from 260 to 318 for individual barriers), 
N = Northern, RM = Rocky Mountain, SW = Southwestern, IM = Intermountain, PS = Pacific Southwest, PNW = Pacific Northwest, S = Southern, E = Eastern, 
AK = Alaska.
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Table 4 Strategies for woody biomass utilization: district ranger (DR) and technical staff 
(TS) average ratings by region*
Strategies US N RM SW IM PS PNW S E AK DR TS
1. Tax incentives for facility development 4.33 4.42 4.32 4.45 4.07 4.55 4.31 4.18 4.35 4.38 4.29 4.35
2. Tax incentives for harvesting and transporting biomass 4.27 4.29 4.24 4.30 4.10 4.43 4.35 4.11 4.33 4.38 4.27 4.24
3. Cost-share and grant programs for facility 
    development and equipment purchases
4.26 4.37 4.28 4.43 4.00 4.33 4.35 4.06 4.21 4.75 4.21 4.30
4. Developing facilities that source from multiple suppliers 4.06 4.41 3.74 3.96 3.94 4.06 4.24 4.18 3.71 4.13 3.99 4.12
5. Using hazardous fuels and forest health funding 4.01 4.22 4.07 4.31 4.21 4.38 4.04 3.83 3.43 2.56 3.85 4.20
6. Developing small-scale facilities 3.98 4.18 3.92 4.13 3.97 4.03 3.91 3.86 3.83 4.38 3.95 3.99
7. Renewable energy standards and renewable 
    profile standards
3.87 3.94 4.03 3.85 3.61 4.08 3.93 3.55 3.71 4.38 3.86 3.87
8. Developing partnerships to ensure adequate 
    supplies of biomass
3.83 4.00 3.68 3.64 3.83 4.03 3.98 3.49 3.68 4.44 3.77 3.83
9. Colocating new facilities with existing industrial 
    infrastructure
3.81 4.10 3.53 3.65 3.70 3.58 4.00 3.92 3.59 3.89 3.69 3.97
10. Encouraging use of biomass in existing wood 
      products industry
3.78 4.03 3.84 3.67 3.55 3.79 3.76 3.85 3.70 3.78 3.79 3.74
11. Utilizing mobile and on-site processing 3.77 4.05 3.65 3.88 3.82 3.79 3.92 3.47 3.57 3.63 3.78 3.75
12. Developing partnerships to promote local harvesting 
      and utilization capacity
3.75 3.85 3.80 3.92 3.80 4.03 3.58 3.48 3.48 4.44 3.76 3.63
13. Building agreement on acceptable fuels reduction 
      and forest health treatments
3.75 4.12 3.60 3.88 3.77 3.94 4.18 3.48 3.03 3.22 3.67 3.84
14. Technical assistance programs for business 3.72 3.91 3.79 3.77 3.73 3.92 3.59 3.50 3.67 4.22 3.83 3.55
15. Government bonds and loans 3.70 3.52 4.10 3.72 3.54 3.77 3.70 3.16 3.75 4.86 3.64 3.74
16. Developing alternatives to electricity production 
      (e.g., heating, animal bedding, etc.)
3.69 3.64 3.62 4.05 3.58 3.70 3.80 3.51 3.66 4.33 3.66 3.67
17. Undertaking large-scale NEPA analysis 3.68 3.83 3.49 4.32 3.77 3.65 3.77 3.57 3.26 3.56 3.61 3.76
18. Developing long-term stewardship contracts and 
      agreements
3.67 3.50 3.95 3.88 3.81 3.88 3.59 3.56 3.00 4.56 3.69 3.62
19. Developing public-private partnerships for facility 
      development
3.57 3.85 3.65 3.50 3.74 3.87 3.25 3.26 3.26 4.44 3.57 3.49
20. Building agreement on project scale 3.56 3.76 3.62 3.64 3.64 3.71 3.60 3.15 3.15 4.00 3.46 3.65
21. Mandates or incentives for use of green products in 
      construction, energy, vehicles, or equipment
3.51 3.39 3.58 3.50 3.40 4.15 3.39 3.29 3.64 3.11 3.50 3.46
22. Developing short-term stewardship contracts and 
      agreements
3.50 3.30 3.51 3.69 3.59 3.79 3.55 3.38 3.00 4.33 3.49 3.44
23. Developing programs to explain how public 
      concerns about biomass removal and utilization are
      being addressed
3.43 3.68 3.38 3.52 3.19 3.59 3.41 3.27 3.20 3.89 3.42 3.40
24. Developing large-scale facilities 3.41 3.24 3.24 3.30 3.32 3.74 3.43 3.53 3.38 2.67 3.41 3.37
25. Improving forest road conditions 3.40 3.41 3.41 3.85 3.05 3.60 3.48 3.20 2.55 3.56 3.26 3.41
26. Net metering 3.40 3.50 3.40 3.27 3.00 3.79 3.58 3.45 3.30 3.33 3.37 3.43
27. Sourcing a portion of biomass from non-federal 
      forest land
3.40 3.58 3.11 3.09 2.91 3.55 3.77 3.41 3.35 4.22 3.36 3.42
28. Increasing the intensity of biomass harvesting 
      in specific areas
3.39 3.45 3.08 3.48 3.47 3.48 3.51 3.40 3.11 3.78 3.30 3.49
29. Developing projects that restore threatened and 
      endangered species habitat
3.37 3.15 2.90 3.50 3.37 3.80 3.61 3.64 3.24 2.11 3.29 3.47
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Table 4, continued
Strategies US N RM SW IM PS PNW S E AK DR TS
30. Focusing on projects that best meet performance 
      targets
3.36 3.46 3.03 3.40 3.29 3.33 3.33 3.50 3.36 4.11 3.21 3.55
31. Training Forest Service staff in biomass utilization 
      technologies and logistics
3.33 3.10 3.15 3.52 3.38 3.38 3.29 3.52 3.17 4.00 3.34 3.25
32. Building agreement on facility siting 3.31 3.46 3.21 3.38 3.53 3.61 3.23 3.10 2.93 3.78 3.29 3.30
33. Harvest guidelines 3.31 3.26 3.31 3.52 3.14 3.27 3.28 3.15 3.58 3.89 3.31 3.27
34. Developing MOUs with stakeholders to secure 
      federal biomass
3.26 3.24 3.21 3.28 3.43 3.56 3.42 3.10 2.50 4.11 3.31 3.19
35. Developing programs to explain how concerns 
      about public health are being addressed
3.24 3.39 3.13 3.46 3.06 3.55 3.30 3.17 2.79 3.44 3.24 3.21
36. Sourcing a portion of biomass from mill residues 3.14 3.39 2.86 2.50 2.81 3.15 3.39 3.46 3.04 3.50 3.06 3.25
37. Developing programs to explain concern about 
      facility development and siting related to biomass
      utilization are being addressed
3.12 3.26 3.03 3.33 3.15 3.42 3.02 3.08 2.71 3.22 3.10 3.13
38. Developing workforce training programs for 
      biomass utilization facility workers
3.08 2.97 2.92 3.33 3.38 3.13 2.95 3.03 3.04 3.56 3.17 2.89
39. Developing workforce training programs for 
      biomass harvesters
3.07 2.92 2.94 3.38 3.32 3.06 2.89 3.24 3.00 3.22 3.19 2.85
40. Hiring Forest Service staff to help develop 
      utilization capacity
3.05 2.90 3.18 3.46 3.18 3.23 2.78 2.98 2.76 3.78 3.14 2.85
41. Sourcing a portion of biomass from other sources 
      (e.g., urban wood waste)
3.05 2.89 3.03 2.82 2.94 3.50 3.21 3.32 2.56 3.00 3.08 2.99
42. Hiring Forest Service staff to focus on biomass 
      removal projects
3.03 2.92 3.05 3.29 3.18 3.11 3.08 2.78 2.67 3.89 3.07 3.90
43. Developing programs to explain how concern 
      about public nuisances related to biomass
      utilization are being addressed
2.95 2.97 3.08 3.38 2.83 3.18 2.81 2.83 2.66 2.78 2.95 2.93
44. Developing agreements with private landowners 
      for access to public lands
2.73 2.93 3.10 2.77 2.64 2.81 2.33 2.88 2.60 2.00 2.76 2.61
Bold numbers indicate mean values statistically greater than 4.0 (very important) and less than 3.0 (somewhat important) at the alpha = 0.10 significance level 
(one-side t-test).
* Responses range from not at all important (1) to extremely important (5); regions are coded: US = United States (sample size ranges from 260 to 318 for 
individual barriers), N = Northern, RM = Rocky Mountain, SW = Southwestern, IM = Intermountain, PS = Pacific Southwest, PNW = Pacific Northwest, 
S = Southern, E = Eastern, AK = Alaska.

